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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a manufacturing method of a nitride 
semiconductor element which is superior in the smoothness of division edge 
faces and in the yield. 

SOLUTION: In the manufacturing method of a nitride semiconductor 
element, a semiconductor wafer (100) where a nitride semiconductor (102) 
is formed on a substrate (101) is divided into nitride semiconductors (110). 
Especially, the manufacturing method for the nitride semiconductor element 
has a process for forming an island-like nitride semiconductor, by exposing a 
substrate from the first main surface side of first and the second main 
surfaces of the semiconductor wafer (100), a process for forming a groove 
(103) in the substrate (101) in at least the first main surface side and/or 
the second main surface side, a process for forming along a brake line (104) 
in the groove (103) by laser irradiation and a process of separating the 
semiconductor wafer along the brake line (104). 
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* NOTICES * 

JPO and NCIP1 are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1] It is the manufacture approach of a nitride semiconductor device of dividing into a nitride semiconductor device 
(110) the semi-conductor wafer (100) with which the nitride semi-conductor (102) was formed on the substrate (101). said 
semi-conductor wafer (100) — the 1st and 2nd principal planes — having — this — with the process which is made to 
expose a substrate from a 1st principal plane side, and forms an island-like nitride semi-conductor at least — this — with 
the process which forms a slot (103) in the substrate (101) by the side of the 1st principal plane and/or the 2nd principal 
plane The manufacture approach of the nitride semiconductor device characterized by having the process which forms 
Blake Rhine (104) in this slot (103) by laser radiation, and the process which separates a semi-conductor wafer along said 
Blake Rhine (104). 

[Claim 2] Said 1st principal plane (121) is the manufacture approach of the nitride semiconductor device which is the nitride 
semi-conductor laminating side of the semi-conductor wafer (100) with which the nitride semi-conductor was formed only 
in one side on a substrate (101), and was indicated by the claim 1 publication which is the substrate exposure side which 
said 2nd principal plane (111) counters through a semi-conductor wafer. 

[Claim 3] Said Blake Rhine is the manufacture approach of the nitride semiconductor device indicated by claim 1 which is 
the crevice (104) formed in the slot base of a substrate (101). 

[Claim 4] Said Blake Rhine is the manufacture approach of the nitride semiconductor device indicated by claim 1 which is 
the processing affected zone (204) formed in the interior of a substrate (201). 

[Claim 5] The manufacture approach of the nitride semiconductor device according to claim 1 which forms said slot (103) 
by at least one sort chosen from a diamond scriber, a dicer, an etching system, and a laser beam machine. 
[Claim 6] The manufacture approach of a nitride semiconductor device according to claim 1 that the width of face of said 
slot (103) is 10 micrometers or more 35 micrometers or less, and the depth of said slot (103) is 3.7 micrometers or more 
100 micrometers or less. 



[Translation done.] 
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3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of dividing a nitride semiconductor device from 
the light emitting diode which can emit light from an ultraviolet region to orange, laser diode, and the semi-conductor wafer 
by which the nitride semi-conductor laminating was further carried out especially on the substrate with respect to the 
manufacture approach of the 3-5 group semiconductor device which can be driven also in the elevated temperature. 
[0002] 

[Description of the Prior Art] The semiconductor device using the nitride semi-conductor (InXGaYAI1-X-YN, 0 <=X, 0<=Y, 
X+Y<=1) which has a high energy band gap is being developed variously today. The semiconductor laser to which the light 
emitting diode with which blue, green, and ultraviolet can emit light, respectively, and purple-blue light can emit light as an 
example of a device using a nitride semi-conductor is reported. Furthermore also in an elevated temperature, the various 
semiconductor devices with a high mechanical strength in which a stable drive is possible are mentioned. 
[0003] Usually, when semiconductor materials, such as GaAs and GaP which are used as semiconductor devices, such as 
an LED chip with which red, orange, yellow, etc. can emit light, and InGaAIAs, are the semi-conductor wafers by which the 
laminating was carried out, from a semi-conductor wafer, it is started in the shape of a chip by the dicer or the diamond 
scriber, and is formed. After a dicer carries out full cutting of the semi-conductor wafer in rotation of the disk which uses 
the edge of a blade as a diamond or cuts the slot of width larger than edge-of-a-blade width deeply (half cutting), it is 
equipment cut according to external force, the needle which uses a tip as a diamond as well as a diamond scriber on the 
other hand — a line (scribe Rhine) very thin to a semi-conductor wafer — for example, after lengthening in a grid pattern, 
it is equipment cut according to external force. The crystal of zinc structure which carries neither GaP nor GaAs has 
cleavage in the "110" directions. Therefore, semi-conductor wafers, such as GaAs, GaAIAs, and GaP, can be divided into a 
request configuration comparatively easily using this property. 

[0004] However, it is difficult for the semiconductor device using a nitride semi-conductor to make a single crystal form 
unlike semiconductor devices made to form on GaP, GaAIAs, or a GaAs semi-conductor substrate, such as GaAsP, GaP, 
and InGaAIAs. in order to obtain the single crystal film of a crystalline good nitride semi-conductor — MOCVD — law and 
HDVPE — making it form in tops, such as sapphire and a spinel substrate, through a buffer using law etc. is performed. 
Therefore, semiconductor devices, such as an LED chip, must be made to form in desired magnitude by carrying out cutting 
separation the whole nitride semi-conductor layer formed on silicon on sapphire etc. 

[0005] The nitride semi-conductor by which a laminating is carried out to sapphire, a spinel, etc. is hetero-epi structure, a 
nitride semi-conductor — silicon on sapphire etc. — lattice constant irregular ** — coefficient of thermal expansion also 
differs greatly. Moreover, silicon on sapphire has the crystal structure of hexagonal system, and does not have the property 
top cleavage. Furthermore, it is the matter with Mohs hardness very as hard [ sapphire and a nitride semi-conductor ] as 
about 9. 

[0006] Therefore, it was difficult to cut only with a diamond scriber. Moreover, when full cutting was carried out by the 
dicer, it was not able to cut finely that it is easy to generate a crack and a chipping in the cutting plane. Moreover, there 
was a case where a nitride semi-conductor layer exfoliated partially from a substrate depending on the case. 
[0007] Therefore, the nitride semi-conductor wafer is considered in how to use it combining a diamond scriber or a dicer as 
indicated by JP, 8-274371 ,A etc. as an approach of dividing for every desired chip. As a concrete example, the process 
which manufactures a nitride semiconductor device from drawing 5 (A) to drawing 5 (D) is shown. Drawing 5 (A) shows the 
semi-conductor wafer 500 with which the nitride semi-conductor 502 was formed on silicon on sapphire 501. Drawjng_5 (B) 
shows the process which forms the slot 503 by the dicer (non-** Fig.) in the depth which does not reach the nitride semi- 
conductor 502 from the inferior-surface-of-tongue side of silicon on sapphire 501. Drawing 5 (C) shows the process which 
forms scribe Rhine 504 in a slot with a diamond scriber. D raw ing 5 (D) has shown the separation process which separates 
the semi-conductor wafer 500 in the shape of [ 510 ] a chip after the scribe process. Thereby, it is supposed that it can 
cut comparatively finely, without the crack of a cutting plane and a chipping occurring. 
[0008] 

[Problem(s) to be Solved by the Invention] However, when forming the slot 503 which made thickness of the semi- 
conductor wafer 500 thin partially by the dicer etc. beforehand and making scribe Rhine 504 form in a slot 503 with a 
diamond scriber, the bottom of the edge-of-a-blade fang furrow section 503 of a diamond scriber must be contacted. 
[0009] That is, the edge of a blade of a diamond scriber is usually larger than the disk width of face of a dicer. Therefore, 
like drawing 6 , the edge of a blade 601 of a diamond scriber may not reach the base of the slot 503 formed in the semi- 
conductor wafer 500. When a scriber is made to drive in this condition, it is in the inclination for scribe Rhine 704 like 
drawing 7 which desired scribe Rhine 703 was not formed but was distorted to be formed, at the flat surface of a semi- 
conductor wafer. In order to prevent these and to contact the bottom of the edge-of-a-blade fang furrow section 503 of a 
diamond scriber, it is necessary to make large width of face of the slot 503 formed by the dicer. If a slot 503 becomes large, 
the semiconductor device from a semi-conductor wafer will take, and a number will decrease. 

[0010] On the other hand, when width of face of a slot is narrowed, in order to make the bottom of an edge-of-a-blade fang 
furrow contact, it is necessary to make the depth of a slot 503 shallow. When a slot 503 is made shallow, there is an 
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inclination it to become difficult fonthe thickness of the separation section of a semi-conductor wafer to become thick, and 
to separate a semi-conductor wafer correctly. Therefore, all had the problem that an exact more small nitride 
semiconductor device could not be formed. 

[0011] In today when to make a smaller nitride semiconductor device form with sufficient mass-production nature correctly 
is desired, it is not enough in the above-mentioned cutting process, and the outstanding manufacture approach of a nitride 
semiconductor device is searched for. If a semi-conductor wafer can be correctly separated in the shape of a chip, without 
damaging the crystallinity of a nitride semi-conductor, the electrical property of a semiconductor device etc. can be raised. 
And since many semiconductor devices can be obtained from one semi-conductor wafer, productivity is also raised. 
[0012] Therefore, this invention is faced dividing a nitride semi-conductor wafer in the shape of [ smaller ] a chip, and 
lessens the crack of a cutting plane, and generating of a chipping more. Moreover, it aims at offering the manufacture 
approach which can form the nitride semiconductor device divided into a desired form and size with the sufficient yield with 
sufficient mass-production nature, without spoiling the crystallinity of a nitride semi-conductor. 
[001 3] 

[Means for Solving the Problem] This invention is the manufacture approach of a nitride semiconductor device of dividing 
into the nitride semiconductor device 110 the semi-conductor wafer 100 with which the nitride semi-conductor 102 was 
formed on the substrate 101. Especially the semi-conductor wafer 100 is the manufacture approach of a nitride 
semiconductor device of having the process which has the 1st and 2nd principal planes, and forms a slot 103 in the 
substrate 101 by the side of the 1st principal plane and/or the 2nd principal plane at least, the process which forms Blake 
Rhine 104 in a slot 103 by laser radiation, and the process which separates a semi-conductor wafer along Blake Rhine 104. 
[0014] The manufacture approach of the nitride semiconductor device indicated by claim 2 of this invention is the nitride 
semi-conductor laminating side of the semi-conductor wafer 100 with which the nitride semi-conductor was formed for the 
1st principal plane 121 only at one side on a substrate 101, and the 2nd principal plane 111 is the substrate exposure side 
which counters through a semi-conductor wafer. 

[0015] The manufacture approach of the nitride semiconductor device indicated by claim 3 of this invention is the crevice 
104 where Blake Rhine was formed in the slot base of a substrate 101. 

[0016] The manufacture approach of the nitride semiconductor device indicated by claim 4 of this invention is the 
processing affected zone 204 by which Blake Rhine was formed in the substrate 201 interior. 

[001 7] The manufacture approach of the nitride semiconductor device indicated by claim 5 of this invention forms a slot 
103 by at least one sort chosen from a diamond scriber, a dicer, an etching system, and a laser beam machine. 
[001 8] A slot 403 is formed in the front face of 1 st principal plane side 421 on which the substrate 401 was exposed 
beforehand for the manufacture approach of the nitride semiconductor device indicated by claim 6 of this invention. The 
width of face of a slot 103 is 10 micrometers or more 35 micrometers or less, and the depth of a slot 103 of the 
manufacture approach of the nitride semiconductor device indicated by claim 7 of this invention is 3.7 micrometers or more 
100 micrometers or less. 
[001 9] 

[Embodiment of the Invention] Variously, without damaging a semi-conductor property by irradiating laser in the specific 
part of a semi-conductor wafer, when a nitride semiconductor device is manufactured, as a result of the experiment, this 
invention persons find out that the nitride semiconductor device excellent in mass-production nature can be manufactured, 
and came to accomplish this invention. 

[0020] That internal stress produces near the slot why the separation end face by the approach of this invention is evenly 
formed along a break line with the fang furrow section formation which is not certain and its internal stress, and a break line 
are considered to be greatly related to an amputation stump side configuration. 

[0021] Namely, internal stress produces the slot mechanically shaved off by the dicer, the diamond scriber, etc. at the time 
of the slot formation. Distortion is amplified widely besides a slot bottom by the load applied to the edge of a blade of a 
scriber in the process which forms scribe Rhine by the diamond scriber along the base of a slot especially. Therefore, if a 
diamond scriber is made to separate after slot formation, the end face as a request will not be formed of the stress held in 
the semi-conductor wafer, but it will be thought that a nitride semi-conductor wafer is more inseparable into accuracy. 
[0022] This invention generates the local stress which contributes to division with a laser scriber, without being dependent 
on the internal stress produced by the dicer. Thereby, an end face is beautiful (smooth) and is considered that it can 
manufacture the good nitride semiconductor device of mass-production nature. Moreover, in order to separate a nitride 
semiconductor device, the thickness of a semi-conductor wafer makes a thin slot form partially. By forming narrow Blake 
Rhine by laser radiation, it can form deeply to the depth of a request of very thin Blake Rhine, and the good nitride 
semiconductor device of mass-production nature can be separated from the slot. Hereafter, the example of the 
manufacture approach of this invention is explained. 

[0023] The nitride semi— conductor layer of a configuration of being set to LD (laser diode) was made to form on a spinel 
substrate as a semi-conductor wafer. The laminating of the barrier layer of InGaN which specifically serves as the multiplex 
quantum well structure where doped the buffer layer of GaN, the contact layer of the n mold GaN, the cladding layer of the 
n mold AIGaN, the lightguide layer of the n mold GaN, and Si, and the presentation of In was changed on the spinel 
substrate, the cap layer of the p mold AIGaN, the lightguide layer of the p mold GaN, the cladding layer of the p mold 
AIGaN, and the contact layer of the p mold GaN is carried out. A slot is made to form the spinel substrate side of this 
semi-conductor wafer in a semi-conductor wafer front face in all directions by wet etching. The C02 laser was irradiated 
on the base of a slot and Blake Rhine was made to form in the interior of a spinel substrate in all directions along a slot as 
a processing affected zone. Pressurization with a roller is made to separate as a nitride semiconductor device along Blake 
Rhine. As for each separated nitride semiconductor device, the end face is formed finely. Hereafter, the equipment used for 
the process of this invention is explainedjn full detajl. 

[0024] (Nitride semi-conductor wafer) As a nitride semi-conductor wafer, a nitride semi-conductor layer is formed on a 
substrate. Although various things, such as sapphire, a spinel, silicon carbide, a zinc oxide, and a gallium nitride single 
crystal, are mentioned, in order to make a crystalline good nitride semi-conductor layer with sufficient mass-production 
nature form as a substrate of a nitride semi-conductor, silicon on sapphire, a spinel substrate, etc. are used suitably. Silicon 
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on sapphire etc. does not have* cleavability, and since it is very hard, this invention will commit it effectively especially. 
[0025] a nitride semi-conductor (InXGaYAI1-X-YN, 0 <=X, 0<=Y, X+Y<=1) — MOCVD — law and HVPE — many things can 
be formed by law etc. It can use as a semiconductor device by making a PN junction, PIN junction, and MIS junction form in 
a nitride semi-conductor. The structure of a semi-conductor can also choose terrorism junction etc. variously to gay 
junction, a heterojunction, or double. Moreover, it can also consider as the single quantum well structure and multiplex 
quantum well structure which were used as the thin film which is extent from which the quantum effectiveness produces a 
semi-conductor layer. 

[0026] Since the band gap is comparatively greatly strong with heat, a nitride semi-conductor can be used as various 
semiconductor devices, such as a transistor which has photo detectors, such as light emitting devices, such as available 
short wavelength laser, a photosensor, and a solar battery that has high electromotive force comparatively, and thermal 
resistance in light emitting diode, DVD, etc. which can emit light from ultraviolet to a red system. 
[0027] Although many things can be chosen with the process tolerance and the output of a laser beam machine as 
thickness of a substrate, when making a large slot (trench) form with laser, it is desirable not to make the slot by laser 
processing etc. too much form greatly from viewpoints, such as that it takes time amount compared with a dicer and partial 
destruction by prolonged heating. 

[0028] Moreover, the width of face of the viewpoint formed with mass-production nature good the yield and sufficient in a 
desired form and size as a slot formed in a semi-conductor wafer of a dicer etc. to a slot is desirable 35 micrometers or 
less, and 30 micrometers or less are more desirable. Furthermore, it is 25 micrometers or less preferably. About a minimum, 
although there is especially no limit, when forming by the dicer, since the edge of a blade will blur if it is made not much thin 
too much, it is in the inclination which cannot form a slot easily thinly and deeply. Therefore, 10 micrometers or more are 
desirable and 15 micrometers or more are more desirable. Furthermore, it is 20 micrometers or more preferably. Moreover, 
although the depth of a slot is based also on the thickness of a semi-conductor wafer, 3.7 micrometers or more are 
desirable from mass-production nature or the ease of carrying out of separation, and it is 4.5 micrometers or more more 
preferably. Furthermore, it is 5.2 micrometers or more preferably. It is desirable for a upper limit to be 100 micrometers or 
less in consideration of mass-production nature, although there is especially no limit. Since similarly a slot cannot form 
[ width-of-face a depth of 5.2 micrometers or more of 35 micrometers or less ] in a slot more preferably scribe Rhine 
which contributes to division of a semi-conductor wafer like .drawing 6 w jth a diamond scriber in the range of width-of-face 
depth 3.7 micrometers or more of 25 micrometers or less still more preferably width-of-face a depth of 4.5 micrometers of 
30 micrometers or less, especially the effectiveness of this invention is large. 

[0029] In addition, as an approach of only forming a slot in a nitride semi-conductor wafer, it can form in the processing pan 
of wet etching, dry etching, a dicer, a diamond scriber, or laser with these combination. However, it is desirable to use a 
dicer, in order to make thickness of a semi-conductor wafer thin partially efficiently with a certain amount of width of face. 
Especially when a slot is made to form using a dicer, it is in the inclination out of which the difference of the beauty 
(smooth nature) of the end face when dividing in the shape of a chip comes notably. That is, although the crevice was made 
to form with laser when what used laser and separated the semi-conductor wafer after making a slot form using a dicer was 
compared with the thing made to separate with a diamond scriber after making a slot form using a dicer, respectively, a 
separation end face has a direction in the inclination formed finely. Such smooth nature may serve as a remarkable 
difference, when carrying out the optical design using the silicon on sapphire which is a translucency insulating layer. 
[0030] When making the silicon on sapphire to which the laminating of the nitride semi-conductor was carried out separate, 
in order to make an amputation stump side cut with sufficient mass-production nature, the thickness of the thinnest 
separation section of a nitride semi-conductor wafer has desirable 100 micrometers or less. If it is 100 micrometers or less, 
a chipping etc. can dissociate few comparatively easily. Moreover, although especially the minimum of the thickness of a 
substrate does not ask, since mass-production nature will become being easy to be divided bad in the semi-conductor 
wafer itself if it is made not much thin, it is desirable that it is 30 micrometers or more. 

[0031] When a nitride semi-conductor layer contains thin films, such as single quantum well structure and multiplex 
quantum well structure, etching etc. can also remove beforehand the nitride semi-conductor layer by which laser is 
beforehand irradiated in order to prevent the semi-conductor junction by laser radiation, and damage on a semi-conductor 
layer. 

[0032] When considering as the nitride semi-conductor wafer for light emitting diodes, there is usually thickness of 200 to 
500 micrometers with a substrate, and there is thickness of several micrometers to dozens of micrometers in a nitride 
semi-conductor layer with pn junction. Therefore, most semi-conductor wafers will be occupied by the thickness of a 
substrate. In order to make processing by laser easy to perform, thickness of a substrate can be made thin by polish. Such 
polish can also make a nitride semi-conductor form on the substrate which could make thin and was ground thinly, after 
making a nitride semi-conductor form. 

[0033] In addition, it is thought that the nitride semi-conductor wafer with which laser was irradiated becomes the 
processing affected zone which is the set of a microscopic micro clock or the exposure section used as the focus flies 
alternatively. Moreover, Blake Rhine of this invention may remove the slot front face of a semi-conductor wafer, and may 
make a processing affected zone form in an interior side rather than the slot of a substrate. Furthermore, in addition to 
Blake Rhine by laser beam machining formed near the slot, this invention may carry out laser beam machining of the core of 
the total thickness of a semi-conductor wafer. 

[0034] (Laser beam machine) What is necessary is just to be able to form a crevice, a processing affected zone, etc. used 
as Blake Rhine as a laser beam machine used for this invention. Specifically, an YAG laser, a C02 laser, an excimer laser, 
etc. are used suitably. There is little deterioration of heat and especially an YAG laser can form Blake Rhine. Moreover, 
since a C02 laser can mention power, it is excellent in cutting capacity. 

[0035] the laser irradiated by the laser beam machine can be variously boiled by request, and can make a focus adjust 
according to the optical system of a lens etc. Therefore, a crevice, a processing affected zone, etc. can be made to form, 
without making the focus of the arbitration of a semi-conductor wafer damage a nitride semi-conductor by laser radiation. 
Moreover, desired configurations, such as the shape of the shape of the shape of a perfect circle and an ellipse or a 
rectangle, can also be made to adjust the exposure side of laser by letting a filter pass etc. 
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[0036] Only the laser which laser radiation equipment itself may be moved to formation of Blake Rhine by the laser beam 
machine, and is irradiated can also be made to scan and form by a mirror etc. Furthermore, desired Blake Rhine can also be 
formed by making the stage holding a semi-conductor wafer drive [ rotation / the upper and lower sides, right and left, / 90 
degree ] variously. It cannot be overemphasized that it is not what is hereafter limited only to an example although the 
example of this invention is explained in full detail. 
[0037] 

[Example] (Example 1) the sapphire which is 200 micrometers in thickness and was washed — a substrate 101 — carrying 
out — MOCVD — the laminating of the nitride semi-conductor was carried out using law, and the nitride semi-conductor 
wafer was made to form After a nitride semi-conductor divided a substrate, it was made to form as multilayers so that it 
may work as a light emitting device 110. First, the buffer layer with a thickness of about 200A was made to form by pouring 
the hydrogen gas which is NH3 (ammonia) gas, TMG (trimethylgailium) gas, and carrier gas as material gas in 510 degrees C. 

[0038] Next, after stopping the inflow of TMG gas, the GaN layer with a thickness of about 4 micrometers which works as 
an n mold contact layer was made to form by mentioning the temperature of a reactor to 1050 degrees C, pouring SiH4 
(silane) gas as NH3 (ammonia) gas, TMG gas, and dopant gas, and pouring hydrogen gas as carrier gas again. 
[0039] The barrier layer made the undoping InGaN layer with a thickness of about 3nm deposit by considering only as 
carrier gas, once holding the temperature of a reactor at 800 degrees C, and pouring hydrogen gas as material gas the back 
as NH3 (ammonia) gas, TMG gas, TMI (trimethyiindium), and carrier gas. 

[0040] In order to make a cladding layer form on a barrier layer, after suspending the inflow of material gas and holding the 
temperature of a reactor at 1050 degrees C. hydrogen gas was formed as Cp2Mg (cyclo PENTAJIERUMAGUSHIUMU) gas 
and carrier gas, and the GaAIN layer with a thickness of about 0.1 micrometers was made to form as a sink p mold cladding 
layer as material gas as NH3 (ammonia) gas, TMA (trimethylaluminum) gas, TMG gas, and dopant gas. 
[0041] The temperature of a reactor is maintained at 1050 degrees C, hydrogen gas is formed as Cp2Mg gas and carrier 
gas, and the GaN layer with a thickness of about 0.5 micrometers was made to form as a sink p mold contact layer as NH3 
(ammonia) gas, TMG gas, and dopant gas as material gas finally (in addition, annealing treatment of the p mold nitride semi- 
conductor layer has been carried out above 400 degrees C). 

[0042] The semi-conductor wafer with which it was made to etch into it until the interface with the silicon on sapphire in 
which a slot is formed from a nitride semi-conductor front-face side of RIE (Reactive Ion Etching) was exposed to the 
semi-conductor wafer, and two or more island-like nitride semi-conductor layers were formed is used. In addition, a mask is 
made to form and it is made to have removed after etching so that pn each semi-conductor may be exposed at the time of 
etching. Moreover, the electrode 120 is formed in pn each semi-conductor layer by the sputtering method ( drawing 1 (A)). 
[0043] In this way, after grinding the silicon on sapphire 101 of the formed nitride semi-conductor wafer 100 to 100 
micrometers, the vacuum chuck was used and it was made to fix on the table horizontally which can be driven free so that 
the silicon-on-sapphire side 111 of the semi-conductor wafer 100 may turn up. By moving a stage by blade engine-speed 
30,000rpm and cutting speed 3 mm/sec, 30 micrometers of and a slot with a depth of about 1 5 micrometers are 
formed in the base of silicon on sapphire 101 in all directions, and it considers as a slot 103. If a slot 103 is seen from 
silicon-on-sapphire exposure side of nitride semi-conductor wafer 100 111, it is made to have formed in the magnitude of 
300-micrometer angle from which it is formed in the etching side 130 and abbreviation parallel, and each serves as a nitride 
semiconductor device after that ( drawing 1 (B)). 

[0044] Next, it changed for YAG laser irradiation equipment with which only a mechanical component can irradiate laser 
(356nm), such as the edge of a blade of a dicer, (non-** Fig.). Immobilization of the nitride semi-conductor wafer 100 makes 
the optical system of laser adjust so that the focus of laser may be connected to slot 103 base of a nitride semi-conductor 
wafer, maintaining. The crevice 104 as further slot with a depth of about 3 micrometers is formed as Blake Rhine along the 
base of a slot 103 by moving a stage, making the adjusted laser beam irradiate by 16 J/cm2 ( drawing 1 R> 1 (C)). 
[0045] Along Blake Rhine, a load can be applied with a roller (non-** Fig.), and cutting separation of the nitride semi- 
conductor wafer 100 can be carried out. Each end face of the separated nitride semiconductor device 110 can form a 
nitride semiconductor device without a chipping or a crack ( drawing 1 (D)). 

[0046] In this way, when power was supplied to the LED chip which is the formed nitride semiconductor device, while all 
could emit light, there was almost nothing that the crack and the chipping have produced in an amputation stump side. 
Moreover, the generated chipping was also very small and the yield was 98% or more. 

[0047] Thereby, since Blake Rhine is formed by. laser, the cost which is generated for the variation [ exhausting / a cutter ] 
of the process tolerance by degradation and edge-of-a-blade exchange unlike the thing using a diamond scriber can be 
reduced. The manufacture yield is raised and the variation in a configuration can be reduced. It becomes possible to make 
end cost small, and for a semiconductor device to take, and to raise a number especially. 

[0048] (Example 2) Blake Rhine was made to form like an example 1 except having made the optical system of laser adjust 
and having made deep the focal depth in the laser radiation equipment of an example 1. Although the crevice is not formed 
in the slot 203 where formed Blake Rhine serves as a front face of a substrate 201, it is formed in the substrate 201 
interior as a processing affected zone ( drawing 2 (C)). 

[0049] Even if it makes formation of Blake Rhine form in substrate 201 inside instead of slot 203 base, the almost same 
yield as the LED chip of an example 1 can be formed. 

[0050] (Example 3) the sapphire which is 150 micrometers in thickness and was washed — a substrate 301 — carrying out 
— MOCVD — the laminating of the nitride semi-conductor was carried out using law, and the nitride semi-conductor wafer 
300 was made to form The nitride semi-conductor was made to form as multilayers on a substrate. First, the buffer layer 
with a thickness of about 200A was made to form by pouring the hydrogen gas which is NH3 (ammonia) gas, TMG 
_(trimethylgallium> Lgas^and earner gas as materiaj gas in 5J0 degrees C. 
[0051] Next, after stopping the inflow of TMG gas, the GaN layer with a thickness of about 4 micrometers which works as 
an n mold contact layer was made to form by mentioning the temperature of a reactor to 1050 degrees C, pouring SiH4 
(silane) gas as NH3 (ammonia) gas, TMG gas, and dopant gas, and pouring hydrogen gas as carrier gas again. 
[0052] The barrier layer made the undoping InGaN layer with a thickness of about 3nm deposit by considering only as 
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carrier gas, once holding the temperature of a reactor at 800 degrees C, and pouring hydrogen gas as material gas the back 
as NH3 (ammonia) gas, TMG gas, TMI (trimethylindium), and carrier gas. 

[0053] In order to make a cladding layer form on a barrier layer, after suspending the inflow of material gas and holding the 
temperature of a reactor at 1050 degrees C, hydrogen gas was formed as Cp2Mg (cyclo PENTAJIERUMAGUSHIUMU) gas 
and carrier gas, and the GaAIIM layer with a thickness of about 0.1 micrometers was made to form as a sink p mold cladding 
layer as material gas as NH3 (ammonia) gas, TMA (trimethylaluminum) gas, TMG gas, and dopant gas. 
[0054] The temperature of a reactor is maintained at 1050 degrees C, hydrogen gas is formed as Cp2Mg gas and carrier 
gas, and the GaN layer with a thickness of about 0.5 micrometers was made to form as a sink p mold contact layer as NH3 
(ammonia) gas, TMG gas, and dopant gas as material gas finally ( drawing 3 (A)). (In addition, annealing treatment of the p 
mold nitride semi-conductor layer has been carried out above 400 degrees C.) the front face 321 in which the nitride semi- 
conductor was formed in the semi-conductor wafer 300 made to form — a top — carrying out — horizontal — freedom — 
the vacuum chuck was used and it was made to fix on a movable stage Even a substrate 301 makes the slot 303 in every 
direction form in the principal plane of the semi-conductor wafer 300 from nitride semi-conductor laminating side side 321 
by blade rotational frequency 30,000rpm and cutting speed 3 mm/sec by the dicer (non-** Fig.). The slot 303 formed of the 
dicer is 25 micrometers in width of face, and is made to form so that spacing of the base of a slot 303 and silicon-on- 
sapphire exposure side 31 1 in which the nitride semi-conductor is not formed may become homogeneity mostly by 50 
micrometers ( drawing 3 (B)). 

[0055] Next, it changed for YAG laser irradiation equipment with which only a mechanical component can irradiate laser 
(356nm), such as the edge of a blade of a dicer, (non-** Fig.). A focus makes it make it slot 303 base of immobilization of 
the nitride semi-conductor wafer 300 which adjusted the optical system of laser and was formed suit maintaining. The 
crevice 304 with a depth of about 3 micrometers is formed as Blake Rhine along a slot 303 by moving a stage, making the 
adjusted laser beam irradiate by 16 J/cm2 ( drawing 3 (C)). 

[0056] Along Blake Rhine, a load can be made to be able to act with a roller (non-** Fig.), and cutting separation of the 
nitride semi-conductor wafer 300 can be carried out. Each end face of the separated nitride semiconductor device 310 can 
form the nitride semiconductor device which has neither a chipping nor a crack mostly ( drawing 3 (D)). In this way, there 
was almost nothing that the crack and the chipping have produced in the amputation stump side of the formed nitride semi- 
conductor. 

[0057] (Example 4) The silicon on sapphire 401 of the semi-conductor wafer 400 made to form like an example 1 is ground 
to 80 more micrometers, and mirror plane finishing is carried out. Nitride semi-conductor laminating side 421 was turned up, 
and the same stage (non-** Fig.) as an example 3 was made to place in a fixed position this semi-conductor wafer 400 
( drawing 4 (A)). 

[0058] 25 micrometers of **** and the slot 403 with a depth of about 10 micrometers are made to form from nitride semi- 
conductor laminating side side 421 by the dicer along the etching side 430 beforehand etched in the example 4 ( drawing 4 
(B)). 

[0059] Next, it changed for YAG laser irradiation equipment with which only a mechanical component can irradiate laser 
(356nm), such as the edge of a blade of a dicer, (non-** Fig.). A focus makes it make it slot 403 base of immobilization of 
the nitride semi-conductor wafer 400 which adjusted the optical system of laser and was formed suit maintaining. The 
crevice 404 with a depth of about 3 micrometers is formed as Blake Rhine along a slot 403 by moving a stage, making the 
adjusted laser beam irradiate by 16 J/cm2 ( drawing; .4 (C)). 

[0060] Along Blake Rhine, a load can be made to be able to act with a roller (non-** Fig.), and cutting separation of the 
nitride semi-conductor wafer 400 can be carried out. Each separated end face can form the nitride semiconductor device 
410 which almost has neither a chipping nor a crack ( drawin g 4 (D)). 

[0061] When the LED chip 410 which is the separated nitride semiconductor device was made to energize, all could emit 
light, and when the end face was investigated, there was almost nothing that the chipping and the crack have produced. The 
yield was 98% or more. 

[0062] (Example 5) The semi-conductor wafer was separated like the example 1, and the LED chip was made to form 
except having used the excimer laser instead of the exposure of the YAG laser of an example 1. Each separation end face 
of the formed LED chip has the beautiful field which can emit light and has neither a chipping nor a crack like the example 
1. 

[0063] (Example 1 of a comparison) The semi-conductor wafer was made to separate like an example 1 except having 
carried out the scribe 3 times repeatedly along the slot with the diamond scriber instead of laser beam machining. The 
crack and the chipping had produced partially the nitride semiconductor device from which the example 1 of a comparison 
was separated. Moreover, bent scribe Rhine like drawing 7 was formed, and it was about 75% of yield. 
[0064] 

[Effect of the Invention] This invention forms the slot which reaches the substrate of a semi-conductor wafer, and forms 
Blake Rhine by laser radiation in the slot. Without this causing degradation of the process tolerance by edge-of^a-blade 
consumption etc., more, narrowly, width of face enables the highly precise Blake Rhine formation which does not have 
processing variation in the trench section, and becomes possible [ dividing a nitride semiconductor device along Blake Rhine 
easily and correctly ]. Therefore, the product supply to which the configuration was equal, and improvement in the product 
yield are attained. 

[0065] Moreover, degradation of a scribe cutter like before and reduction of the processing cost generated by exchange are 
attained by forming Blake Rhine by non-contact to a semi-conductor wafer by laser radiation. 

[0066] Furthermore, it becomes possible for there to be no damage to the semi-conductor by slot formation, and to 
manufacture a reliable component by forming the slot which reaches a substrate from a semi-conductor stratification plane 
side in the semi-conductor wafer from which the nitride semi-conductor was removed beforehand. 

[0067] It ends by forming the slot where width of face is more narrow by forming the crevice by the side of a nitride semi- 
conductor laminating side by laser radiation. For this reason, it becomes possible for the nitride semiconductor device from 
a semi-conductor wafer to take, and to raise a number. 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



06/02/24 



JP,2003-218065,A [DETAILED DESCRIPTION] 6/6 £5 

[Translation done.] « » « * 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgLejje 



06/02/24 



. JP,2003-218065,A [DESCRIPTION OF DRAWINGS] 1/1 
* NOTICES * * ' " * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] Drawing 1 is the typical fragmentary sectional view having shown the separation approach of the semi- 
conductor wafer in the example 1 of this invention. 

[Drawing 2] Drawing 2 is the typical fragmentary sectional view having shown the separation approach of the semi- 
conductor wafer in the example 2 of this invention. 

[Drawing 3] Drawing 3 is the typical fragmentary sectional view having shown the separation approach of the semi- 
conductor wafer in the example 3 of this invention. 

[Drawing 4] Drawing 4 is the typical fragmentary sectional view having shown the separation approach of the semi- 
conductor wafer in the example 4 of this invention. 

[Draw ing 5] Drawing 5 is the typical fragmentary sectional view having shown the cutting process of the nitride semi- 
conductor wafer shown for this invention and a comparison. 

[Drawing 6] Drawing 6 is a typical fragmentary sectional view in case a diamond scriber cuts a nitride semi-conductor 
wafer. 

[Drawing 7] Drawing 7 is the typical part plan having shown distortion produced at the time of scribe line formation of the 

nitride semi-conductor wafer shown for this invention and a comparison. 

[Description of Notations] 

100 200,300,400,700 ... Semi-conductor wafer 

101, 201. 301, 401 ... Substrate 

102, 202, 402 ... Island-like nitride semi-conductor 

103, 203, 303, 403 ... Slot formed in the substrate front face 

104, 304, 404 ... Blake Rhine by the crevice formed in the slot base 

204 ... Blake Rhine by the processing affected zone formed in the interior of a substrate 
302 ... Nitride semi-conductor 

110, 210, 310, 410 ... Nitride semiconductor device 

1 11, 31 1 , 41 1 ... Substrate exposure side 

1 20, 220, 420 ... Electrode 

121, 321, 421 ... Nitride semi-conductor laminating side 
1 30 430 ... Etching side 

500,600 ... Semi-conductor wafer 

501 ... Substrate 

502 ... Nitride semi-conductor layer 

503 603 ... Slot formed in silicon on sapphire 

504 604 ... Scribe Rhine formed in the slot base 
510 ... Nitride semiconductor device 

601 ... The edge of a blade of a diamond scriber 

703 ... Scribe Rhine formed in normal 

704 ... Scribe Rhine formed by being distorted 



[Translation done.] 
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